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Express Mail Label No. EL703379723US 
IMAGE REJECTION MIXING IN WIDEBAND APPLICATIONS 

BACKGROUND 

This invention generally relates to wideband communication systems. In 
particular, the invention relates to image suppression in received wideband 
communications. 

Wideband communication systems, such as television and radio communication 
systems, use a wide frequency spectrum to communicate information. Typically, the 
wide spectrum is divided into a group of assigned radio frequencies for carrying the 
information. 

In a heterodyne receiver, the received signal is amplified by a radio frequency 
(RF) amplifier and mixed with an adjustable local oscillator (LO) signal to produce 
intermediate frequency (IF) signal. One problem with mixer circuits is the generation of 
image frequency signals. 

When two signals are mixed, signal components are produced at the sum and 
difference of the two signals, and their harmonics. Equation 1 illustrates the potential 
signal components where F LO is a local oscillator frequency being mixed with a radio 
frequency, Frf and m and n are integers or zero. 

± m Frf ± n Flo Equation 1 

Since input circuits typically have limited selectivity in the mixing process, undesired 
interference may create harmful products, as illustrated by Equation 2. F : is an undesired 
interference frequency and m, n and p are an integer or zero. 



± m Frf± n Flo± p Fi 



Equation 2 
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For example, when an intermediate frequency signal, Frf, is mixed with a local 
oscillator, F L0 , the result will produce signals at two frequencies, F L0 + Frf and F L0 - 
Frf. One of the two signals is the desired frequency and the other is at an undesired 
frequency. Additionally, based on the quality of the mixers, undesirable harmonics, such 
5 as F L0 + 2Frf, could also be produced. In a wideband communication system utilizing 
multiple frequencies, the frequencies that these undesired signals fall upon may be the 
same frequency used for another information signal. As a result, the undesired signal 
produces an image on the desired information signal at that frequency. 

One approach to removing the image signal from the desired signal is by filtering. 
10 Typically, filtering only reduces the magnitude of the image signal by less than 30 

decibels (dB). In some applications, a 30 dB attenuation is not sufficient. 
y3 Another approach is to use an image rejection mixer 10, as illustrated in Figure 1. 

Ji A received radio frequency signal is input into the image rejection mixer 10. The 
!{ received signal is input to an in-phase mixer 14 and a quadrature phase mixer 12. A local 
^5 oscillator (LO) 11 generates a carrier signal. The carrier signal is input into the 
quadrature phase mixer 12 to produce a demodulated quadrature phase signal and into a 
2 90 degree phase shift device 16, such as a RC-CR circuit, to produce an in-phase carrier. 
j| The in-phase carrier is input into the in-phase mixer 12 to produce a demodulated in- 
2 phase signal. The demodulated quadrature phase signal is subsequently delayed by a 90 
20 degree phase shift device 22. An adder 20 combines the phase delayed quadrature phase 
signal to the in-phase signal to produce the desired signal. Typically, the image signal 
will be out of phase with the desired signal. As a result, the combining cancels the image 
signal leaving only the desired signal. 

To illustrate, Wrf is the frequency of the received signal and W LO is the frequency 
25 at the local oscillator. The image rejection mixer 10 processes the desired signal as 
follows. I(t) is the demodulated in-phase signal. Q(t) is the demodulated quadrature 
phase signal. Q'(f) is the phase delayed quadrature phase signal. O(t) is the subtracted 
signal. 
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I(t) = COS (WRFt) * COS (WLOt) = 

= l A[ cos (Wrf - W L0 )t + cos (Wrf +WLo)t ] , where Wrf-Wlo>0 

Equation 3 

The cos (Wrf + WLo)t is removed by low-pass filtering. 

5 Q(t) = COS (WRFt) * cos (Wlo t - Till) = 

= ¥t cos [ (Wrf- Wlo) t + n/2] = - Vi sin (Wrf- Wlo) t 

Equation 4 

Q'(t) = - ¥2 sin [(Wrf- Wlo) t -n/2] = V2 cos (Wrf- Wlo) t 
10 Equation 5 

I O(t) = I(t) + Q'(t) = cos (Wrf- Wlo) t Equation 6 



=4 The image rejection mixer 10 processes the image signal which is inverted with 

■ 15 respect to the desired signal as follows. 

}J I(t) = 1 /2COs[-(WRF-WLo)t] = 1 / 2 cos (Wrf- Wlo) t Equation 7 

Q(t) = Vi cos [- (Wrf - Wlo) t + n/2] = V2 sin (Wrf - Wlo) t Equation 8 



20 



25 



Q' (t) = Vi sin [(Wrf - Wlo) t -ti/2] = - Vi cos (Wrf - Wlo) t Equation 9 

0(t) = I(t) + Q'(0 = V4 cos (Wrf- Wlo) t - Vi cos (Wrf-Wlo)I = 0 

Equation 10 

Accordingly, after image cancellation, the desired signal is recovered, Equation 6, 
and the image signal is canceled, Equation 10. 
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Due to variations in the tolerances of the resistors and capacitors in the phase shift 
device 16 and temperature variations, the phase differential between the carrier and the 
quadrature carrier may not be maintained at an ideal 90 degrees, degrading performance 
of the image mixer. 

5 Accordingly, it is desirable to have alternate approaches for image suppression in 

received wideband signals. 

SUMMARY 

A ring oscillator produces an in-phase and quadrature phase radio frequency 
10 signal. A first mixer mixes the in-phase signal with a received signal. A second mixer 

mixes the quadrature phase signal with the received signal. A combiner, operatively 
y coupled to the first and second mixers, produces an image cancelled signal. 

£ BRIEF DESCRIPTION OF THE DRAWINGS 

: -|5 Figure 1 is an image rejection mixer. 

T Figure 2 is an image rejection mixer using a ring oscillator. 

% Figure 3 is a delay cell. 

2 Figure 4 is a RC-CR circuit. 

% BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

Figure 2 illustrates an image rejection mixer 24 for use in a wideband 
communication system receiver, such as a television tuner or radio tuner. Although the 
image rejection mixer 24 is shown using balanced mixers 28, 30, such as a Gilbert cell, 
other mixers may be used. Balanced mixers are desirable due to their noise suppression 
25 quality. A received RF signal is buffered by a buffer 58 so that the RF signal as 
outputted by the buffer 58 is shifted to a desired level for the in-phase and quadrature 
mixers 30, 28. The buffered RF signal is inputted into both the in-phase and quadrature 
phase mixers 30, 28. A ring oscillator 32 produces an in-phase carrier which is input into 
the in-phase mixer 30 and a quadrature phase carrier which is input to the quadrature 
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phase mixer 28. The demodulated quadrature phase signal is subsequently delayed by a 
90° phase delay device 38, such as an RC-CR circuit. The delayed quadrature phase 
signal is combined using an adder 40 to the in-phase signal to produce the desired signal 
with the image signal cancelled. 
5 By using the ring oscillator 32, the in-phase and quadrature carrier are maintained 

at a near ideal 90 degree phase difference. Since the demodulated signals are at low 
frequencies, a simpler 90 degree phase shift device 38, such as an RC-CR circuit, may be 
used without degrading the image rejection mixer's performance. Using the ring 
oscillator 32, a 60 dB attenuation in the image signal is achieved. 
10 One ring oscillator 32 for producing the in-phase and quadrature phase carrier uses 

four delay cells 44 r 44 4 , as shown in Figure 2. Each delay cell 44 r 44 4 delays the input 
S signal by 45 degrees. As a result, the first delay cell 44i produces a 45 degree phase 
S delay. The second delay cell delays the 45 degree delayed signal by another 45 degrees, 
£ totaling 90 degrees. The output of the second delay cell 44 2 is inverted as to shift the 
H5 phase by 180 degrees prior to being input into the third delay cell 44 3 . The third delay 
T cell 44 3 delays the 270 degree delayed signal by 45 degrees, totaling 315 degrees. The 
S fourth cell 44 4 delays the output of the third cell 44 3 by 45 degrees totaling 360 degrees 
2! creating the oscillation. Although the output of the second cell 44 2 is shown as used for 
h the in-phase carrier and the output of the fourth cell 44 4 for the quadrature phase carrier, 
~20 any of the outputs or inputs separated by 90 degrees may be used. 

One circuit for use as a delay cell 44 r 44 4 is shown in Figure 3 using CMOS 
circuitry. Six n-type MOSFETS 46,-46 6 and two p-type MOSFETS 48 h 48 2 are 
configured as shown in Figure 3. The inputs to the gates of the two bottom n type 
MOSFETS 46 b 462 are connected in series to form the bias, control frequency, to the 
25 delay cells 44 r 44 4 . The gates of the two lower n type MOSFETS 46 3 , 46 6 form the input 
of the delay cells 44 r 44 n . The drains of those MOSFETS 46 3 , 46 6 , form the output. This 
CMOS circuit produces an output having a phase delayed by 45 degrees from the input. 

A simple 90 degree phase shift device 38 may be used for the quadrature phase 
demodulated signal, such as a RC-CR circuit as shown in Figure 4. The demodulated 
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quadrature phase signal is input into the delay device 38. The input of the delay device 
38 is coupled to a series connected resistor 50 and capacitor 52 connected in parallel to a 
series connected capacitor 54 and resistor 56. An output of 90 degrees of phase delay is 
produced at the nodes between the series connected resistors 50, 56 and capacitors 52, 54. 

* * * 
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CLAIMS 

What is claimed is: 

1 . An apparatus for canceling an image signal from a received radio frequency 
signal, the apparatus comprising: 

a ring oscillator for producing a radio frequency signal having in-phase and 
quadrature phase components; 
5 a first mixer having inputs configured to receive the in-phase component and the 

received radio frequency signal and outputting an in-phase signal; 

a second mixer having inputs configured to receive the quadrature phase 
component and the received radio frequency signal and outputting a quadrature phase 
signal; 

!o a phase shift device coupled with one of the mixers for receiving an output of the 

one mixer and outputting a phase shifted signal; and 

a combiner, operatively coupled to the other of the mixers and said phase shift 
: device, for producing an image cancelled signal. 

i 2. The apparatus of claim 1 wherein the phase shift device is coupled to the 

I second mixer. 

3. The apparatus of claim 2 wherein the phase shift device shifts a phase of 
the second mixer output by ninety degrees. 

4. The apparatus of claim 1 wherein the ring oscillator comprises four delay 
cells, an output of each delay cell is coupled to an output of another of the delay cells. 

5. The apparatus of claim 4 wherein each delay cell delays its input by forty- 
five degrees and one of the couplings is cross-coupled so that the output of one of the 
delay cells is inverted prior to input into another of the delay cells. 
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6. The apparatus of claim 1 wherein the first mixer and the second mixer are 
gilbert cells. 

7. A receiver for use in a wideband communication system, the receiver 
capable of canceling an image signal from a received radio frequency signal, the receiver 
comprising: 

a ring oscillator for producing a radio frequency signal having in-phase and 
5 quadrature phase components; 

first mixing means for mixing the in-phase component with the received radio 
frequency signal and outputting an in-phase signal; 

second mixing means for mixing the quadrature phase component with the 
% received radio frequency signal and outputting a quadrature phase signal; 
|Jo means for receiving one of the mixer's phase signals and outputting a phase 

* shifted signal; and 

s! means for combining the phase shifted signal with the phase signal other than the 

7~ one phase signal to produce an image canceled signal. 

n! 8. The receiver of claim 7 wherein the means for outputting a phase shifted 

O signal shifts the one phase signal by ninety degrees in phase. 

9. The receiver of claim 7 wherein the ring oscillator comprises four delay 
cells, an input of each delay cell is coupled to an output of another of the delay cells. 

10. The receiver of claim 9 wherein each delay cell delays its input by forty- 
five degrees and one of the couplings is cross-coupled so that the output of the delay cell 
is inverted prior to input into another of the delay cells. 

11. The receiver of claim 7 wherein the means for outputting a phase shift 
signal is coupled to the first mixing means. 
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12. The receiver of claim 7 wherein the first and second mixing means 
comprises a gilbert cell. 

13. A method for canceling an image signal from a received radio frequency 
signal, the method comprising: 

providing a ring oscillator; 

producing a radio frequency signal having in-phase and quadrature phase 
5 components with the ring oscillator; 

mixing the in-phase component and the received radio frequency signal to produce 

an in-phase signal; 

mixing the quadrature phase component and the received radio frequency signal to 
produce a quadrature phase signal; 
fa shifting a phase of one of the phase signals produced by mixing the components to 

i produce a phase shifted signal; and 

combining the phase shifted signal with the phase signal produced by mixing the 
components other than the one phase signal to produce an image canceled signal. 

I 14. The method of claim 13 wherein the one phase signal is the quadrature 

phase signal. 

15. The method of claim 13 wherein the phase shifting is by ninety degrees in 

phase. 
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ABSTRACT 

A ring oscillator produces an in-phase and quadrature phase radio frequency 
signal. A first mixer mixes the in-phase signal with a received signal. A second mixer 
mixes the quadrature phase signal with the received signal. A combiner, operatively 
coupled to the first and second mixers, produces an image cancelled signal. 
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DECLARATION — Utility or Design Patent Application 



I hereby claim the benefit under 35 U.S.C. 120 of any United Stales eppBcatian<a). or 365(c) af any PCT iMemalbnai application designating the 
United States of America, listed below and, insofar as the subject matter of each of the claims of this application is not disdosed in the prior 
United States or PCT International application in the manner provided by me first paragraph of 35 U.5.C. 1 \l r I acknowledge the duty to disclose 
information which is material to patentability as defined in 37 CFR 1,56 wftfch became available between the filing date of the prior application 
and the national or PCX International fifing data of this application. 



U.S. Parent Application or PCT Parent 
Number 



Parent Filing Date 
(MM/DP/YYYY) 



Parent Patent Number 
(if applicable) 



□ Additional us, or PCT international application numbers are fisted on a supplemental priority data sheet PTO/SB/02B attached hereto. 



As a named inventor, I hereby appoint the following registered practi tioner^) to prosecute this app lication and to tra nsact all business in the Paten t 
and Trademark Office connected therewith: flg Customer Numhsr | 25310 "~ " 

OR 



□ Reflistared practitioners) name/rep tetradrtn number feted below 



Place Customer 
Number Bar Code 



Name 



Namely, the Attorneys 0< 
Vdpe and Koenig, P.C. 



Number 



t-JI Additional fepistered practrtionerCs) named on aupplamentaj Registered Practitioner information sheet PTO/Sfe/Q2C attached hereto, 



Name 



Registration 
Number 



Direct all correspondence to: gj Customer Number 

or Bar Code Label 



25310 



OR □ Correspondence address betow 



Name 



Addre&s 



City 



Country 



Telephone 



State 



ZIP 



Fax 



t hereby declare that ail statements made herein of my own knowledge are true and that all statements made on information and belief are 
oeileved to De true; and further that these statement* were made with the knowledge that willful false statements and the (Ike so made are 
puntehable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful false statements may Jeopardize ths validity of tha 
application or any patent issued the/ton* 



Name of Sole or First Inventor: 



□ A petition has been filed for this unsigned Inventor 



Given Name_(first and middle Fif anvfl 



Family Namn or Surname 



Inventor's 
Signature 




Dujmenovic 



Residence: City 



Ri6hmond Hill 



State 



Ontario 



Country 



Canada 



Crti*Qn*hip 



Canada 



Poai Office Address 



39 Crosby Avenue, #205 



PO*t Office Address 



City 



Richmond 
Hill 



State 



Ontario 



ap 



L4C 0B1 



Country 



Canada 



D Additional inventors are being ngmed on the ^supplemental Additional lnventor(&) sfieet(s) FTO/SB/02A attached hargtc 
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